In present work, Artificial Neural Network (ANN) model has been developed to predict the heat transfer from roughened absorber plate to air passing through the ducts of solar air heater and compared with actual experimental data. Two different types of SAH ducts with roughened absorber plate at single side in one and three sides absorber plates in the other, have been taken up for the analysis of heat transfer. The data for analysis have been collected by conducting actual experiments on the SAHs. ANN model has been structured with five input parameters such as number of rough surface sides, relative roughness height, relative roughness pitch, roughness size and Reynolds Number in input layer, and Nusselt number in output layer. Levenberg-Marquardt (LM) algorithm with feed-forward back propagation is used in present model. The LM learning algorithms with 10 neurons in hidden layer has been found as optimal on the basis of statistical error analysis. The predicted value of heat transfer of solar air heater with highest R 2 value gives satisfactory results. The values of RMSE, MAE and R 2 were found 0.892025, 0.66261 and 0.99532 respectively during training stage. Similarly, for testing stage these values were 0.55094, 0.3168 and 0.9979 respectively. The statistical results show that the proposed MLP ANN model successfully predicts the heat transfer analysis of roughened solar air heater.
INTRODUCTION
Energy plays an important role in economic growth of a nation. The fossil fuels are limited on the earth. In view of the consumption of fossil fuels at a faster rate, it is necessary to develop efficient systems based on alternative sources of energy. Of the several types of renewable energy available on the earth, the solar energy is one of the most abundant and clean source. There are two ways of solar energy utilization: active and passive. In passive solar energy utilization sun rays are directly used without the aid of any equipment, but in active way sun rays are not directly used but some kind of mechanical equipment are needed to convert the solar energy into other forms of energy. Solar air heater comes in the category of active solar energy utilization systems.
In the solar air heating collector, absorber plate is main component which collects the solar energy in the form of heat and transfers this energy to flowing air. Due to low heat capacity and low thermal conductivity of flowing air, the convective heat transfer coefficient between absorber plate and the air is low, and hence the major issue to increase the value of heat transfer coefficient and thereby the heat transfer rate. This objective can be achieved by using extended surfaces on the absorber plate on air flow side [1, 2] , artificial roughness on air flow side [3] [4] [5] [6] [7] [8] [9] , and porous heat absorbing materials in the air flow duct.
The experimental study as well as the analytical study followed by the computational techniques, requires a lot of time to arrive at an accurate result due to extensive computer codes that lead to huge programming algorithms especially when the solution of complex differential equations are involved. A. One sided roughened absorber plate duct B. Three-sided roughened absorber plate duct 1.
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HEAT TRANSFER CALCULATION OF SOLAR AIR HEATER
At Steady state condition, the values of flowing air and absorber plate temperatures at various sections in the duct were used to determine the values of different parameters. Mass flow rate of air m f is calculated with pressure drop, using following formula [16] :
The experimental value of useful heat gain of air is calculated by the following expression:
where T fo and T fi are outlet and inlet air temperatures respectively. The heat transfer coefficient h, between plate and air is determined as:
where A is collector area, T p is average plate temperature and T f is average air temperature. The Nusselt number is calculated by following formula:
where D h is hydraulic diameter and k is thermal conductivity of air.
ARTIFICIAL NEURAL NETWORKS
Artificial Neural Networks are used to solve any complicated problem of different area such as forecasting, control systems, optimization and decision making in fields of Engineering and management [10] .
ANN is computational technique in MATLAB which works like a human brain. It is a complex information processing system, which is structured from interconnected segmental processing elements called as neurons. These neurons find the input information from other sources and then perform generally a non-linear operation on the result and then give final results as output. ANN works in two ways, first learning and then storing the knowledge in interconnects called weights. ANN is a simulation tool in MATLAB which can be used to estimate the values on the basis of input parameters, optimum topology and training processes. An ANN model consists of three layers: First input layer, last output layer and in middle hidden layer. In feed forward networks (Figure 4) , each product of input elements (a i ) and weights (w ij ) are fed to summing junctions and is summed with bias (b j ) of neurons as follows [22] : 
Tansig and logsig are most commonly used transfer functions in hidden layer. The nonlinear activation function which is widely used is called as sigmoid function whose output lies in the mid of 0 and 1, and the sigmoid transfer function is written as:
If the values of input and output layers are negative, then tansig transfer function is used.
During training period, training algorithm adjusts the weights and biases iteratively to minimize the error between actual and predicted values of ANN model. A set of input and output data, which are loaded in the network as inputs is called as training set of data. The input data sets are trained by learning algorithms. This training process is repeated until the error reduces to an acceptable value. The mostly used learning algorithms are SCG, CGP, BFG and LM, in which LM learning algorithms are faster than other learning algorithms.
PERFORMANCE CRITERIA OF MODEL
The optimal ANN model, applied to predict the heat transfer, is based on the criteria of minimum errors of RMSE and best fit of ANN predicted data with experimental data on the basis of correlation coefficient R.
Root mean square error:
Correlation coefficient:
RESULTS AND DISCUSSION

Validity test of experimental study
The experimental values of Nusselt number obtained for one side and three sides roughened solar air heaters has been compared with one side roughened (Prasad, 2013) and three sides roughened (Prasad et. al, 2014) solar air heater ducts respectively.
The comparison of experimental and estimated values of Nusselt number of three sides and one side is shown in Fig.  5a and 5b respectively. The mean absolute deviation of the experimental values of Nusselt number and from those predicted by using the correlations of Prasad et. al (2014) and Prasad (2013), are ± 3.831% and ± 3.825% for one side and for three sides roughened absorber plates respectively. From the Fig. 5a and Fig. 5b , a good agreement between experimental and predicted values is observed, which ensures the accuracy of the data taken up in the present experimental investigation.
Parametric study
The values of Nusselt number were calculated for the range of flow parameters investigated for one side and for three sides roughened solar air heater ducts [9] . Fig. 6 and 7 show the effect of the roughness and flow parameter on the value of the average Nusselt number of one side and three sides roughened ducts based on th roughness parameters P/e and e/D respectively. From Fig. 6 , it has been found that the average Nusselt number decreases with increase in P/e. The maximum average Nu corresponding to P/e =10 for both cases of one side and three sides roughened ducts has been found. From Fig. 7 , it has been found that the average Nusselt number increases with increase in e/D and it is maximum at e/D= 0.0247 for one side and three sides roughened ducts. The values of Nusselt number for three sides roughened collector enhance by an amount of 21-78% over those of for one side roughened collector. 
b. Effect of P/e on Nu
c. Effect of e/D on Nu
Development of ANN structure
In the present work, total 50 sets of data were taken from experiments. The proposed MLP NN model to predict the heat transfer of one side and three side roughened absorber plate solar air heater is shown in Figure 8 . The neural structure is developed with 3 layers such as input, output and hidden layer in between. At input layer five numbers of parameters such as number of rough surface side (R i ), relative roughness height (e/D), roughness height (e), relative roughness pitch (P/e) and Reynolds number (Re) and one parameter such as average Nusselt number ̅̅̅̅ has been taken in output layer.
In present model 50 input-output data sets were taken. In which 34 data sets were used for training and rest 16 data sets for testing. Feed forward back propagation learning algorithm has been applied for learning of present model. Before modeling of neural structure, the input and output sample data must be normalized for accuracy of prediction. The following equation has been used to normalize data between -1 and 1 [18, 20] . Table 1 . The performance of different models was based on RMSE and R, which is calculated by using Eq. (9) and (10) respectively. From Table 1 , it has been found that values of RMSE and R are 0.892026 and 0.99773 respectively for LM-10. The weights and biases of optimal ANN model are shown in Table 2 . A comparison of the experimental data with predicted data of optimal ANN model with LM-10 is shown in Figure 9 and its error graph is shown in Figure 10 . From Figure 10 , it has been found that the highest error is 1.6607 at sample-21 and lowest error is -2.53048 at sample-14. The stastiscal error analysis results of optimal ANN predicted data are shown in Table 3 . From Table 3 Mean absolute error:
Coefficient of determination:
The regression plot of neural model with LM-10 of training and testing process is shown in Figure 11 . From Figure 11 , it has been found that value of R is nearer to unity, which gives the accuracy of performance of the model.
As from the results of statistical error analysis, it is confirmed that the proposed MLPANN model has been successfully predicted the heat transfer of single and threesided roughened absorber plate solar air heater. 
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